Introduction {#ss1}
============

Esophageal cancer (EC) is the eighth most common type of cancer worldwide. It is endemic in many parts of the world, particularly in developing nations, and accounts for more than 200,000 deaths every year in China ([@CIT0001]). As a result of worldwide increases in the elderly population, there has been a concomitant increase in the number of EC patients ([@CIT0002]). Therefore, assessing the prognostic factors in elderly patients with EC will become increasingly important.

Tumor length is still a controversial prognostic factor in EC patients. Several researchers have determined tumor length to be an important prognostic indictor of EC after surgery ([@CIT0003; @CIT0004; @CIT0005]). However, there have been few studies regarding tumor length in elderly EC patients ([@CIT0006; @CIT0007]). Furthermore, controversy exists concerning the optimal cut-off points for tumor length to predict overall survival ([@CIT0004; @CIT0005; @CIT0008]). Different study sizes, different histological types, variable inclusion criteria, and, most importantly, unreliable statistical methods used to determine the cut-off points have contributed to this controversy ([@CIT0004; @CIT0005; @CIT0008; @CIT0009; @CIT0010]).

We have chosen to study esophageal squamous cell carcinoma (ESCC) as it is the most common type of EC in China, in contrast to the predominance of adenocarcinoma in the Western world. Thus, the aim of this study was to determine the prognostic value of tumor length and propose the optimum cut-off point for tumor length in predicting survival difference in elderly patients with ESCC.

Patients and methods {#ss2}
====================

Patients {#ss3}
--------

From January 2001 to December 2009, a retrospective analysis was conducted of 132 consecutive patients older than 70 years with ESCC who underwent curative esophagectomy in the Department of Thoracic Surgery, Zhejiang Cancer Hospital, Hangzhou, China. All of the patients included in the analysis fit the following criteria: 1) ESCC confirmed by histopathology; 2) older than 70 years; 3) curative esophagectomy with R0 resection (en bloc resection with margins histologically free of disease); 4) at least six lymph nodes were examined for pathological diagnosis; and 5) surgery was neither preceded nor followed by adjuvant chemotherapy and/or radiotherapy.

All of the above patients were followed up by posting letters or by telephone interviews. The last follow-up was 30 November 2011. All subjects gave written informed consent to the study protocol, which was approved by the Ethical Committees of Zhejiang Cancer Hospital, Hangzhou, China.

Surgery {#ss4}
-------

All patients were treated with radical resection. The standard surgical approach consisted of a limited thoracotomy on the right side and intrathoracic gastric reconstruction (the Ivor Lewis procedure) for lesions at the middle/lower third of the esophagus. Upper third lesions were treated by cervical anastomosis (the McKeown procedure). In our institute, two types of lymphadenectomy were carried out as a standard procedure for ESCC. The majority of patients underwent two-field (thoracoabdominal) lymphadenectomy. In this cohort of patients, thoracoabdominal lymphadenectomy was performed, including the subcarinal, paraesophageal, pulmonary ligament, diaphragmatic and paracardial lymph nodes, as well as those located along the lesser gastric curvature, the origin of the left gastric artery, the celiac trunk, the common hepatic artery, and the splenic artery. Three-field (cervical-thoracoabdominal) lymphadenectomy was performed only if the cervical lymph nodes were thought to be abnormal upon preoperative evaluation.

Pathological analysis {#ss5}
---------------------

The fresh specimen was routinely dissected and measured by surgeons immediately after resection of the tumor. The length of each tumor was measured with a hand-held ruler. Then the specimens were sent for pathology examination after preservation in 10% formalin. Differentiation, depth of tumor invasion (T grades), and nodal involvement (N stagings) were recorded according to the results of pathology reports. In addition, pathologists also described the tumor length (measured on the 10% formalin fixed specimens). In this study, the surgeons\' measure was used. All patients were restaged according to the seventh edition of the American Joint Committee on Cancer (AJCC) Cancer Staging Manual ([@CIT0011]).

Statistical analysis {#ss6}
--------------------

Statistical evaluation was conducted with SPSS 17.0 (SPSS, Inc., Chicago, IL, USA). The mean values are presented as the means ± standard deviations (SD). Independent *t* test was used to compare groups of continuous, normally distributed variables. The Pearson chi-square test was used to determine the significance of differences for dichotomous variables. A receiver-operating characteristic (ROC) curve for survival prediction (survival versus death) was plotted to verify the optimum cut-off point for tumor length. The area under curve (AUC) was used as an estimation of diagnostic accuracy. The Youden index (sensitivity + specificity -- 1) was used to identify the tumor length threshold values corresponding to the value of the ROC curve farthest from the identity line. This index corresponds to the optimal cut-off, defined as the value with the highest average of sensitivity and specificity.

The overall cumulative probability of survival was calculated by the Kaplan--Meier method, and the difference was assessed by the log-rank test. Univariate and multivariate analyses of Cox regression proportional hazard model were performed to evaluate the prognostic parameters for survival. Hazard ratios (HRs) with 95% confidence intervals (CIs) were used to quantify the strength of the association between predictors and survival. A *P* value less than 0.05 was considered to be statistically significant.

Results {#ss7}
=======

Patient characteristics {#ss8}
-----------------------

Among the 132 patients, 11 (8.3%) were women, and 121 (91.7%) were men ([Table I](#T1){ref-type="table"}). The mean age was 73.7 ± 2.6 years, with an age range from 70 to 85 years.

###### 

Baseline characteristics of 132 elderly patients with ESCC.

                                 Cases (*n*, %)
  ------------------------------ ----------------
  Age (mean ± SD, years)         73.6 ± 2.6
  Gender                         
   Female                        11 (8.3)
   Male                          121 (91.7)
  Tumor length (mean ± SD, cm)   4.59 ± 1.74
  Tumor location                 
   Upper                         6 (4.5)
   Middle                        55 (41.7)
   Lower                         71 (53.8)
  Differentiation                
   Well                          17 (12.9)
   Moderate                      81 (61.3)
   Poor                          34 (25.8)
  T grade                        
   T1                            19 (14.4)
   T2                            16 (12.1)
   T3                            89 (67.4)
   T4                            8 (6.1)
  N staging                      
   N0                            58 (43.9)
   N1                            42 (31.8)
   N2                            18 (13.7)
   N3                            14 (10.6)
  TLN (mean ± SD, nodes)         22.7 ± 9.7
  MLN (mean ± SD, nodes)         2.2 ± 3.7

ESCC = esophageal squamous cell carcinoma; MLN = metastatic lymph nodes; TLN = total lymph nodes.

Analysis of tumor length {#ss9}
------------------------

The tumor length in these 132 patients ranged from 0.8 to 9.2 cm, mean 4.59 ± 1.74 cm. A ROC curve for survival prediction was plotted to verify the optimum cut-off point for tumor length, which was 4.0 cm ([Figure 1](#F1){ref-type="fig"}). Then, patients were divided into two groups for survival analysis (patients with tumors ≤4.0 cm in length and patients with tumors \>4.0 cm in length). Tumors \>4.0 cm in length had a 66.0% chance of being T3-4, whereas tumors ≤4.0 cm in length had a 65.7% chance of being T1-2 (*P* = 0.001) ([Table II](#T2){ref-type="table"}).

![A ROC curve plots the sensitivity on the *y*-axis against 1 minus the specificity on the *x*-axis. A diagonal line at 45 degrees, known as the line of chance, would result from a test which allocated subjects randomly. Each point on the ROC curve corresponds to a value of tumor length. In general, a good cut-off point is one which produces both a large sensitivity and a large specificity. This can be interpreted as choosing the point on the ROC curve with the largest vertical distance from the line of chance (two-way arrow). The AUC for tumor length was 67.1% with a sensitivity of 79.7% and a specificity of 53.4% (1 -- 46.6%) by Youden index (dotted lines). The threshold value corresponding to the tumor length was 4.0 cm.](UPS-118-145-g001){#F1}

###### 

Characteristics of patients with tumor length more or less than 4.0 cm.

                    Tumor length (*n*, %)   *P* value   
  ----------------- ----------------------- ----------- -------
  Age (years)                                           0.020
   ≤75              47 (48.5)               50 (51.5)   
   \>75             9 (25.7)                26 (74.3)   
  Gender                                                0.832
   Female           5 (45.5)                6 (54.5)    
   Male             51 (42.1)               70 (57.9)   
  Differentiation                                       0.864
   Well/Moderate    42 (42.9)               56 (57.1)   
   Poor             14 (41.2)               20 (58.8)   
  Tumor location                                        0.454
   Upper/Middle     28 (45.9)               33 (55.1)   
   Lower            28 (39.4)               43 (60.6)   
  N staging                                             0.119
   N0               29 (50.0)               29 (50.0)   
   N1-3             27 (36.5)               47 (63.5)   
  T grade                                               0.001
   T1-2             23 (65.7)               12 (34.3)   
   T3-4             33 (34.0)               64 (66.0)   

The 5-year overall survival was 43.9% in our study. Patients with tumor length ≤4.0 cm had significantly better 5-year survival rate than patients with a tumor length \>4.0 cm (60.7% versus 31.6%, *P =* 0.007) ([Figure 2](#F2){ref-type="fig"}).

![Patients with tumor length ≤4.0 cm had a significantly better 5-year survival rate than patients with a tumor length \>4.0 cm (60.7% versus 31.6%, *P* = 0.007).](UPS-118-145-g002){#F2}

In the group of T1-2 disease, the 5-year survival of patients with tumor length ≤4.0 cm was similar in patients with tumor length \>4.0 cm (78.3% versus 75.0%, *P* = 0.771) ([Figure 3A](#F3){ref-type="fig"}). In the T3-4 group, however, the 5-year survival of patients with tumor length ≤4.0 cm was better than that of patients with tumor length \>4.0 cm (48.5% versus 23.4%, *P* = 0.035) ([Figure 3B](#F3){ref-type="fig"}).

![Kaplan--Meier survival curves stratified by tumor length in (A) T1-2 patients, (B) T3-4 patients, (C) N0 patients, and (D) N1-3 patients.](UPS-118-145-g003){#F3}

The 5-year survival in patients with tumor length ≤4.0 cm was better than patients with a tumor length \>4.0 cm in N0 staging (79.3% versus 48.3%, *P =* 0.046) ([Figure 3C](#F3){ref-type="fig"}). However, no significant differences in 5-year survival were found between the patients with tumor length ≤4.0 cm and \>4.0 cm in N1-3 staging (40.7% versus 21.3%, *P* = 0.168) ([Figure 3D](#F3){ref-type="fig"}).

Analyses of prognostic factors {#ss10}
------------------------------

Univariate analyses showed that vessel involvement (*P* = 0.037), differentiation (*P* = 0.027), perineural invasion (*P* = 0.009), tumor length (*P* = 0.007), N staging (*P* = 0.000), and T grade (*P* = 0.000) were predictive of survival. Then multivariate analyses were performed with the Cox proportional hazards model. In that model, we demonstrated that tumor length (*P* = 0.036), differentiation (*P* = 0.032), N staging (*P* = 0.018), and T grade (*P* = 0.002) were independent prognostic factors ([Table III](#T3){ref-type="table"}).

###### 

Univariate and multivariate analyses in elderly patients with ESCC.

                        Cases (*n*, %)   Survival(%)   Univariate analysis HR (95% CI)   *P* value   Multivariate analyses HR (95% CI)   *P* value
  --------------------- ---------------- ------------- --------------------------------- ----------- ----------------------------------- -----------
  Age (years)                                                                            0.780                                           0.322
   ≤75                  97 (73.5)        45.4          1.000                                         1.000                               
   \>75                 35 (26.5)        40.0          1.075 (0.647--1.785)                          0.743 (0.413--1.337)                
  Gender                                                                                 0.420                                           0.175
   Female               11 (8.3)         54.5          1.000                                         1.000                               
   Male                 121 (91.7)       43.0          1.453 (0.586--3.606)                          1.989 (0.737--5.372)                
  Tumor location                                                                         0.642                                           0.422
   Upper/Middle         61 (46.2)        42.6          1.000                                         1.000                               
   Lower                71 (53.8)        45.1          1.115 (0.706--1.761)                          1.231 (0.741--2.045)                
  TLN (nodes)                                                                            0.288                                           0.176
   ≤15                  32 (24.2)        37.5          1.000                                         1.000                               
   \>15                 100 (75.8)       46.0          0.756 (0.452--1.266)                          0.672 (0.378--1.194)                
  Vessel involvement                                                                     0.037                                           0.194
   No                   100 (75.8)       46.0          1.000                                         1.000                               
   Yes                  32 (24.2)        37.5          1.733 (1.032--2.911)                          1.456 (0.825--2.569)                
  Perineural invasion                                                                    0.009                                           0.281
   No                   113 (85.6)       47.8          1.000                                         1.000                               
   Yes                  19 (14.4)        21.1          2.130 (1.205--3.766)                          1.432 (0.745--2.752)                
  Differentiation                                                                        0.027                                           0.032
   Well/Moderate        98 (74.2)        49.0          1.000                                         1.000                               
   Poor                 34 (25.8)        29.4          1.715 (1.053--2.794)                          1.774 (1.049--3.000)                
  Tumor length (cm)                                                                      0.007                                           0.036
   ≤4                   56 (42.4)        60.7          1.000                                         1.000                               
   \>4                  76 (57.6)        31.6          1.963 (1.191--3.237)                          1.769 (1.038--3.016)                
  N staging                                                                              0.000                                           0.018
   N0                   58 (43.9)        63.8          1.000                                         1.000                               
   N1-3                 74 (56.1)        28.4          3.059 (1.838--5.091)                          1.949 (1.119--3.395)                
  T grade                                                                                0.000                                           0.002
   T1-2                 35 (26.5)        77.1          1.000                                         1.000                               
   T3-4                 97 (73.5)        32.0          4.450 (2.129--9.298)                          3.342 (1.538--7.261)                

CI = confidence interval; ESCC = esophageal squamous cell carcinoma; HR = hazard ratio; TLN = total lymph nodes.

Discussion {#ss11}
==========

The aging of the population and a longer life expectancy have led to more elderly patients with cancers being referred for treatment. For many of them, in particular for EC, surgery remains the mainstay of treatment. There is no established cut-off to define a patient as 'elderly\' in relation to surgery, but most studies available so far set the age limit at 70 ([@CIT0012; @CIT0013]). In our study, we determined the prognostic value of tumor length in ESCC patients older than 70 years. It was found that tumor length is a predictive factor for long-term survival in elderly patients with ESCC, especially in T3-4 grade or nodal-negative patients. We conclude that 4.0 cm may be the optimum cut-off point for tumor length in predicting survival in elderly patients with ESCC.

Before 1987, the AJCC staging system used tumor length (T1, \<5 cm; T2, \>5 cm; and T3, evidence of extraesophageal spread) to predict patient prognosis ([@CIT0014]). However, at the 1987 AJCC annual meeting, the current TNM staging system was adopted, in which tumor length is not a staging criterion ([@CIT0015; @CIT0016]). The recent edition of the AJCC TNM staging system was published in 2009. In this newly published staging system for EC, adenocarcinoma and ESCC are regarded as two different entities and should be staged separately. It also proposes depth of tumor invasion, number of metastatic lymph nodes, histologic type, and tumor location as independent staging factors for EC. However, it does not emphasize the prognostic role of tumor length in EC ([@CIT0011]).

Tumor length is still a controversial prognostic factor in EC patients. Tachibana et al. ([@CIT0009]) evaluated 129 patients with ESCC and indicated that tumor length was related to survival but was not an independent prognostic factor on multivariate analysis. Bollschweiler et al. ([@CIT0010]) and Igaki et al. ([@CIT0017]) demonstrated similar results. However, several researchers have determined tumor length to be an important prognostic indictor of EC after surgery ([@CIT0003; @CIT0004; @CIT0005]). Eloubeidi et al. ([@CIT0008]) analyzed the outcomes of 10,441 EC patients from the National Cancer Institute Surveillance, Epidemiology, and End Results database. Their results demonstrated that tumor length was an important prognostic factor of overall survival for patients with EC. However, there have been few studies regarding tumor length in elderly patients. In our study, we determined that the tumor length (≤4.0 cm versus \>4.0 cm) is a predictive factor for long-term survival in elderly patients with ESCC.

Many studies have shown that tumor length of 3.0 cm was the optimum cut-off point for survival prediction in EC ([@CIT0004; @CIT0005; @CIT0009; @CIT0010]). Eloubeidi et al. ([@CIT0008]) suggested a cut-off point of tumor length in EC between 3.0 cm and 4.0 cm. In our study, however, a ROC curve for survival prediction was plotted to verify the optimum cut-off point for tumor length, which was 4.0 cm ([Figure 1](#F1){ref-type="fig"}). Our results showed that tumors \>4.0 cm in length had a 66.0% chance of being T3-4, whereas tumors ≤4.0 cm in length had a 65.7% chance of being T1-2 (*P* = 0.001). Bhutani et al. ([@CIT0018]) showed that tumors ≥5 cm in length had an 89% chance of being T3 or greater, whereas tumors \<5 cm in length had a 92% chance of being T1 or T2. Our study also showed that patients with tumor length ≤4.0 cm had a significantly better 5-year survival than patients with tumor length \>4.0 cm (60.7% versus 31.6%, *P =* 0.007).

It has been widely agreed upon that lymph node status, depth of tumor invasion, and overall TNM stage are strong, independent prognostic factors in EC ([@CIT0019; @CIT0020]). It may well be that the influence of tumor length on the subgroup with different T grades and N stagings is important for the understanding of its role in overall survival in elderly patients with EC. In our study, the esophageal tumor length had a significant impact on survival of N0 patients (*P =* 0.046). Our finding is quite consistent with the previous studies showing that tumor length had a greater prognostic value for localized EC than for cancer with metastases ([@CIT0005; @CIT0008]), but is contrary to the result of Khan et al. ([@CIT0021]), who suggested that tumor length is not a prognostic factor for EC patients with N0 staging (*P =* 0.861). In our study, tumor length was also a prognostic factor after controlling the factor of T grades. Its predictive value was significant for T3-4 lesions between patients with tumor length ≤4.0 cm and \>4.0 cm (*P =* 0.035). From the database of 132 elderly patients with ESCC who underwent surgery, our results clearly demonstrate that tumor length can serve as an independent predictor of long-term survival for elderly patients with ESCC, especially in T3-4 grade or nodal-negative patients.

The question of how many lymph nodes should be dissected has been a point of debate in previous studies. Rizk et al. ([@CIT0022]) reported that the prognosis of patients after esophagectomy worsens significantly when four or more lymph nodes have metastases, irrespective of T stage. A consensus conference of experts meeting in 1995 suggested that accurate pathological staging of EC required resection of at least 15 lymph nodes ([@CIT0023]). Greenstein et al. ([@CIT0024]) and Yang et al. ([@CIT0025]) recommended 18 nodes as the minimum number of resectable lymph nodes. However, it is proposed by International Union Against Cancer (UICC) and AJCC that at least six lymph nodes should be removed during resection of EC ([@CIT0026; @CIT0027]). Accordingly, we excluded patients who had fewer than six lymph nodes dissected (range: 6--61 nodes).

Potential limitations of the present study include the relatively small number of patients, the use of a retrospective analysis, and the short duration of the mean follow-up duration. In addition, because the study used data from a single institution but with different pathologists and different surgeons, there may have been a lack of uniformity in measurement methods. In our study, tumor length was measured immediately after resection by surgeons. However, pathologists also described the tumor length (measured on the 10% formalin-fixed specimens) in their pathology reports. Thus, there were some differences between these two measures. Furthermore, due to the limited number of elderly patients with ESCC, our analysis may suffer from type I or type II errors. The results of the study should therefore be regarded with caution. Larger prospective studies will need to be performed to confirm these preliminary results and determine the optimum cut-off point.

Conclusion {#ss12}
==========

In summary, our study showed that tumor length is a predictive factor for long-term survival in elderly patients with ESCC, especially in T3-4 grade or nodal-negative patients. We conclude that 4.0 cm may be the optimum cut-off point for tumor length in predicting survival in elderly patients with ESCC. Larger prospective studies will need to be performed to confirm these preliminary results and determine the optimum cut-off point.
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